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"AIR MANAGER SYSTEM FOR METAL- AIR BATTERY" 

Technical Field 

1 0 The present invention relates generally to batteries, and more 

particularly relates to a systeni for controlling air flow to a metal-air battery. 

Background of the Invention 

Metal-air batteries include an air permeable cathode and a metallic 

1 5 anode separated by an aqueous electrolyte. For example, in a zinc-air 

battery, the anode contains zinc, and during operation, oxygen from the 
ambient air is converted at the cathode to hydroxide, zinc is oxidized at the 
anode by the hydroxide, and water and electrons are released to provide 
electrical energy. Metal-air batteries have a relatively high energy density 

2 0 because the cathode of a metal-air battery utilizes oxygen firom ambient air 

as a reactant in the electrochemical reaction rather dian a heavier material 
such as a metal or metallic compositioiL This results in a relatively light- 
weight battery. 

Both primary and secondary metal-air batteries have been 

2 S developed. A rechargeable metal-air battery is recharged by applying 

voltage between the anode and cathode of the metal-air battery cell and 
reversing the electrochemical reaction. Oxygen is discharged to the 
atmosphere tiirough the air permeable catiiode. 

Metal-air battery cells are often arranged in mtdtiple cell battery 

3 0 paclcs to provide a sufficient amount of power output In addition, it is 

often necessary to expose the air catiiodes of the cells to a continuous flow 
of air at a flow rate sufficimt to achieve tiie desired power output Suchan 
arrangement is shown in Cheiky 4,913,983 wherein a fan is used to supply 
aflow fair to a pack of metal-air battery cells. 
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One problem with metal-air batteries is that the ambient humidity can 
cause the metal-air battery to fail. Equilibrium vapor pressure of the metal- 
air battery results in an equilibrium relative humidity that is typically about 
40 percent. If ambient humidity is greater than the equilibrium relative 
5 humidity value for the metal-air battery, the metal-air battery will absorb 

water from the air through the cathode and fail due to a condition called 
flooding. Flooding may cause the battery to burst. If the ambient humidity 
is less than the equilibrium relative humidity value for the metal-air battery, 
die metal-air battery will release water vapor &om the electrolyte through the 
10 air cathode and fail due to drying out In most environments where a metal- 

air battery is used, failure occurs from drying out 

In electrochemical cells and in oxygen depolarized cells in particular, 
heat is generated at the cathode, anode, and electrolyte as ohmic losses and 
electrode polarization potential on both charge aiid discharge. In high power 

1 S batteries, this waste heat can, at the extreme, cause the water component of 

the electrolyte to boil and can initiate rapid decomposition of battery 
components such as separators. 

The problem is especially acute in oxygen depolarized cells in diat 
the oxygen diffusion electrode(cathode) typically passes water vapor as 

2 0 freely as oxygen due to die similar size and polarization of diatomic oxygen 

and gaseous water molecules. Thus, as air is supplied to such batteries on 
discharge, at vented on recharge (in the case of rechargeable batteries), 
water vapor fieely passes through the cathode as well. If the battery 
electrolyte teoiperature rises above ambient, then the water vapor pressure at 
25 the internal surface of the gas diffusion electrode will exceed die ambient 

water vapor pressure, and the cell will lose water to die environment by 
evaporation. This can be made up by water addidon to the cell but, in many 
applicadons, freedom from maintenance or low maintenance is a 
requirement so minimizing water loss due to cell internal heating is of 

3 0 critical inqxvtance. 

The traditional geometry foe high power metal-air batteries and fiiel 
cells made of muldple ceils is to place the anode structure between two 
cadiodes in each cell as per Katsouis et aL 3,518,123, Chodosh 3,960,600 
and Turley et aL 4,927,717 in metal*air batteries, and Traitt 3,458,357, 
3 5 Joy 4,560,626 and Shimizu et al. 4,562,123 in fuel cells. When cells of 
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this construction arc stacked as per Petix 3,682,705, Sauer et 
' al.4a 15,626, Niksa et al. 4,693,946 and others, the air chambers between 
adjacent cells serve both to provide reaction oxygen and to provide cell 
cooling by heat conduction to the air stream and evaporative cooling due to 
5 water vapor diffusion from the battery cell or fuel cell cathodes. 

Another attempt to deal with heat generation, by increasing the air 
flow rate over the air cathode to cool the metal-air battery, is disclosed in 
Terry et al. 3,395,047, However, tiie increase in die air flow rate over the 
air cathode increases the rate of vaporization of the water and offsets the 
10 decrease in water loss from die cooling effect 

Cheiky 4,894,295 presents a cell witii only one cathode in which an 
integral cathode air chamber and support provide air ducting to die cathode* 
The anode is a sq)aratc surf ace typicaUy coixpising a metal curreiu ra^ 
and plastic outer shell. Such cells are typically operated in an air manager as 
1 5 per Cheiky 4,913,983 in which the air si3^1y is regulated in response to the 

power demand. At power levels producing above 20 ma per square inch of 
anode, the internal temperature rise of such cells can cause sufficient water 
transport from the electrolyte into the cathode air stream to adversely affect 
battery operating life. 

20 Another problem widi a metal-air battery is diat contaminants in die 

air^uch as carbon dioxide, cigarette smoke, and sulfides decrease the 
battery output For example, carbon dioxide reacts with the metal 
hydroxide fonned by the reacticm between the anode and electrolyte. The 
reaction between carbon dioxide and die metal hydroxide forms a metal 

25 carbonate conipounddiatinterfiEreswitii die electrocheniical reaction. The 

exposure of metal-air battery ceils to contaminants is increased if the air 
flow rate over die cadiodes is inoeased for cooling. 

Drying out and flooding are even greater problems for secondary 
metal-air batteries than for primary metal-air batteries. Aldiough ambient 

3 0 humidity may not be sufficient to flood or dry out a battery after a single 

cycle, cumulative water gain or loss from a series of discharge and charge 
cycles can cause premature fiEulure of a seccmdary metal-air battery. 

Accordingly, diere is a need for an air manager systan for a metal- 
air battery tiiat minimizes the effects of ambient humidity, heat generaticHi 

35 and contaminants on the useable lif ofthe battery. 
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Summary of the Invention 

The present invention is an air manager system for a metal-air 
battery that provides air cooling to reduce the water loss to the cathode air 
5 stream, while preserving a separate cathode air flow to satisfy the power 

requirement of the battery. Generally described, the air manager system of 
the present invention directs a first air flow adjacent to the portion of the 
battery cell containing the air cathode to provide reactant air, and directs a 
second air flow adjacent to a portion of the battery cell isolated from the air 

1 0 cathode to provide cooling of the battery cell. The second air flow 

preferably passes adjacent to a portion of the cell containing the anode. By 
isolating the cooling air firom the reactant air, the temperature of the battery 
cell can be kept low without exposing the cathode to an excessive air flow 
rate. This reduces the likelihood of drying out the battery cell and reduces 

IS the exposure of the battery cell to contaminants. 

The cathode air supply and cooling air supply can be provided by 
two fans or by one fan with the output of the fan divided into the first and 
second flows. A small quantity of air, typically 10% or less of the total of 
both flows, is directed to cathode air chambers to provide reactant air. The 

20 3it supply to the cathodes must be off when the cell is not connected to a 

load and typically during recharge. However, a flow of air is still required 
to cool the cells during recharging. Thus, an air door may be provided to 
allow direction of the second flow to cooling channels with the cathode 
chambers sealed off. 

2 S Cells may be stacked in a battery pack with the air cathode of one 

cellfacing the anode-containing portion of another cell. Mechanical spacers 
may be provided between the ceils to allow the cooling air flow to pass over 
the anode assembly. Such spacers can be separate structures between cells. 
Or, they can be molded into the cell case adjacent to the anode, or over the 

3 0 cathode air chamber, which is maintained in isolation from cooling channels 

formed by the spacers. Heat transfer firom the cell anodes to the cooling 
channels can be enhanced by using an anode case made of metal or a highly 
heat conductive plastic. 

In addition t cooling the anode area of the cell, heat removal from 
3 5 the cathode air stream becomes important if the cells have a large surface 
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area or utilize a recirculating cathode air flow (as described below). Iji cither 
case, an integral heat exchange function between the cathode air and anode 
cooling air is accomplished by using a very thin wall between the cathode 
air.chambers and the anode cooling channels, particularly one made of a 
5 heat conducting plastic or metal such as copper, nickel, moneU or the like. 

In high power applications producing above SOma per square inch 
of cathode, uniformity of air flow over the cathode can become a problem 
such that it is desirable to circulate air over the cathode at many times the 
flow rate required by the average oxygen demand of the battery. In 
I 0 practice, the recirculated air will rapidly rise in tetnperamre at the power 

levels at which it is needed. A heat exchanger therefore is provided, cither 
external to the battery, or via the close proximity of the anode cooling air 
and the recirculating cadiode air within the battery stack. The cathode air 
circulation can be cross coupled to even out the temperature of die cathode 
15 air. Furthermore, the hot section of the cadiode recirculation duct can be 

used to provide humidification to the system to make up for the ongoing 
water loss via the cathode air exhaust 

Air cooling can be controlled in response to a thermal sensor to 
facilitate warm up in cold weather before cooling starts. The air cooling 
20 function should be indepradent of the cathode air siq)ply function to 

facilitate ctK>ling dining rftchflfg'"g in^noeg whgre cathode air circularim 
is nm required, such as when recharging is done at low rates which allow 
die evolved oxygoi to diffuse (mt of the air manager u n assisted. 

In one preferred embodiment of the present invention, a source of 
25 air under pressure is delivered through at least one reactant air inlet in a 

barrier into a plenum defined above the air cathode in the cell case of a 
metal-air battery. The reactant air inlet is sized to control the amount of 
icactant air delivered to the plenum above the air cathode. Anotherportion 
of the same air under pressure is delivered through at least one cooling air 
3 0 inlet into contaa with porticms of the cell case in need of cooling, such 

portions of die case being isolated from the air cadiode plenmn. 

In tUs embodiment, die air cathode plenum is U-shaped in die plane 
of the air cathode, as shown in U.S. Patent No. 4,894,295, which is 
iiicorporatBd herein by refieience in its entirety. The reactant air inlet then is 
3 5 positioned to communicate <»ily with one leg of the U-sfaq>ed air plenum so 
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that the rcactant air travels from one end of the cell in a U-shaped path, and 
exits the plenum at the same end of the cell. Openings arc provided in the 
barrier to allow escape of the reactant air. Similaily, a U-shaped path may 
be provided in a recessed bottom portion of the cell case of the type shown 
5 in U.S. Patent No. 4,894,295 by adhering or defining a central divider in 

the recessed bottom so that a U-shaped cooling channel is formed when the 
cell case is placed on the floor of a battery compartment or on top of another 
cell case in a stack. Again, exhaust openings are provided in the barrier to 
allow escape of the cooling air. 

10 In this embodiment of the present invention, means arc provided for 

selectively blocking or opening the above-described passageways in the 
bairier which defines the air inlets and exhaust openings. Such means may 
preferably be a sliding baffle with complementary passageways so that in 
one position the passageways arc aligned permitting passage of air, while in 

IS a laterally displaced position, the baffle blocks all the barrier passageways. 

The baffle is preferably operated by die power switch of the associated 
portable electronic device. 

Thus, it is an object of the present invention to provide an improved 
apparatus and oiethod for mana^g reactant and cooling air for a metal-air 

20 battery. 

It is a further object of the present invention to provide an air 
noanager for a metal-air battery capable of effidendy cooling die battery. 

It is a further object of the present invention to provide an air 
manager for a metal-air battery cell capable of reducing flooding and drying 
25 out problems while permitting efficient operation of the air cathode. 

It is a further objea of the present invention to provide an air 
manager for a metal-air battery cell capable of facilitating cold starts of the 
cell while preventing overheating during normal operation. 

It is a further objea of the present invention to provide an air 
3 0 manager for a metal-air battery cell capable of controlling die humidity of 

and removing heat from the reactant air passed over an air cathode. 

Odier objects, feaoires and advantages of the present invention will 
become apparent upon reviewing the following description of a preferred 
embodiment, when taken in conjunction with die drawing. 

35 
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Brier Description of the Drawing 

Fig. 1 is a pictorial view of a power supply including a battery 
compartment and an air manager system according to the present invendon. 

Fig. 2js a side cross secdonal view taken along line 2—2 of Rg. 1. 
5 Fig. yis a pictorial view of another embodiment of an air manager 

system embodying the present invention. 

Fig. 4 is a top horizontal cross sectional view of a portion of the air 
manager system of Fig. 3, taken along line 4-4 of Fig. 3, showing the 
relationship between the barrier of the air manager system and the reactant 
10 air plenum of a metal*air cell 

Fig. 5 is a vertical cross secdonal view of the switch mechanism 
taken along line 5-5 of Fig. 4. 

Hg. 6 is a vertical cross sectional view of two stacked metal-air cells 

taketi along line 6-6 of Fig. 4. 
15 Hg. 7 is a plan view of a baffle forming part of a barrier of the air 

manager system of Fig. 1. 

Hg. 8 is a pictorial view of a cathode air duct into the top of which 
are molded spacers fonning cooling air channels. 

Hg. 9 is a side view of a stack of metal*air cells utilizing air duct 

2 0 moldings of the type shown in Rg. 8. 

Rg. 10 is an exploded view of a metal-air odQ including a removable 

air contrd and heat exchange assraobly. 

Rg. 11 is a pictorial view of the cell of Rg. 10 in assembled form. 

Rg. 12 is a diagnomnatic side view of a reactant air recirculation 
25 system for a battery inchiding a stack of metal-air cdls. 

Rg. 13 is a diagrammatic top view of a reactant air recirculation . 
system for a battery with two stacks of metal-air cells, and including a cross 
mixing duct 

3 0 Detailed Description 

Referring now in more detail to the drawing, Hg. 1 shows apower 
supply 10 including an air manager system embodying the present 
invention. As best shown inRg. 2, two metal-air cells 12 are stacked one 
abovethe ther. Each cell 12 ccmsists of a cell body 13, wUdi includes an 
35 air cathode (not shown) along the top surface of die cell body, an anode (not 
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shown) in the bottom area erf the cell body, and a cathode air duct 14 which 
provides an air chamber or plenum above the air cathode. 

A plurality of spacers 15 extend across the stack under the ceil 
bodies 13, foramng cooling air channels 16. The spacers 15 under the cells 
12 direct cooling air adjacent to the portion of the cell containing the anode. 
The spacers can be separate members, in which case the lowermost cell is 
raised on a set of spacers and anoth^ set is positioned between the cells. 
As described in aiore detail below, the spacers alternately can be formed as 
part of the cathode duct or the bottom of the cell body case* 

A cooling air plenum 18 is attached to the side of the power supply 
10 and extends to cover the cooling air channels 16. One or mote cooling 
air fans 20 are positioned at the opening of the plenum 18, which directs air 
fiom the fans 20 into and through the channels 16. The cooling air exits the 
channels 16 at the other end (not shown) of the cell bodies and is exhausted 
firom the system^. 

The stack of cells 12 is enclosed by a housing including a pair of 
side panels 22 and a top panel 23. The side panels 22 define a plurality of 
vent openings 25 spaced apart fiom one another in rows at ihe levels of the 
cathode air ducts 14. Thus, in the two-cell stack shown, there are four 
rows of openings 25, two in each side panel 22. An air door or baffle 27 is 
slidably positioned between each row of openings 25 and the adjacent 
cathode air duct 14. Openings 28 in the air doors 27 align with the 
openings 25 of tlie side panel when it is desired to aUow air to flow through 
die air ducts 14. The air doors 27 are moved to a position in which die solid 
portions of the air doors block the openings 25 to prevent flow at 
appropriate times, such as when no load is applied to the battery. 

Hg. 3 shows another embodiment of an air manager system 40 
embodying the present invention, mounted in a lower housing 42 of an 
electronic device such as a laptop computer (not shown). At one end of die 
housing 42 is a battery compartment 44, shown cxxspty in Fig. 3. At the end 
of the housing 42 opposite the coaq>artment 44 a fan 50 is positioned to 
draw in outsi<k air and force it tlnough botii arms of a U-shaped duct 51. 
The fan in the embodiment shown has a capacity of about 4 cubic feet per 
minute. The arms of the duct 51 terminate at a barrier 55 which divides the 
bousing 42 and defines one side of die battery compaitment 44. Thebarrier 
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55, about 12 inches by 1 and 1/4 inches in the embodiment shown, defines 
four types of openings therethrough: reactant air inlets 57, reactant air 
exhaust openings 58, cooling air inlets 60, and cooling air exhaust 
openings- The passageways are arranged in four rows. A top row includes 
5 eight pairs of small openings consisting, from left to right in Fig. 3, of a 

pair of reactant air exhaust openings 58, two pairs of reactant air inlets 57, 
two pairs of reactant air exhaust openings 58. two pairs of reactant air inlets 
57, and a pair of reactant air exhaust openings 58* A second row below the 
first row consists of a cooling air exhaust opening 61, two cooling air inlets 

10 60, two cooling air exhaust openings 61, two cooling air inlets 60, and a 

cooling air exhaust opening 61. 

As shown in die drawing, the cooling air opoiings 60 and 61 are 

' substantially larger than the reactant air openings 57 and 58. The reactant 

air openings 57 and 58 may preferably be about 3/16 inch by 1/8 inch in 

1 5 size, and the cooling air openings 60 and 61 may preferably be about 5/8 

inch by 1/8 inch. It will be understood that the size of these openings can 
be varied according to the nature of the cells used, in order to provide an 
acceptable flow of reactant air and an amount of cooling air sufficient to 
mflin^ftin the temperature of the cells below a selected m a xim u m 
20 temperature. 

The third and fourth rows of passageways duplicate the first and 
second rows, respectively. Each arm of the duct 51 meets the barrier 55 to 
supply air under pressure through one of the two gioups of vertically 
aligned inlet openings 57 and 60, leaving a group of exhaust openings 

2 5 between the arms of the duct, and sixudler groups of exhaust openings 

between the atms of the duct and the sdde walls of the housing 42. 

As shown in Hgs. 4 and 6, the air passageways in the barrier 55 
are positioned to direct air in a particular manner to and fimneig^t xnetal-air 
cells 65 in the battery compartment 44, positioned against the barrier 55* 

3 0 The cells 65 in the embodimrat shown are each approximately 5/8 inch 

high by 3 mches wide by 5 and 3/4 inches long, and are stacked two deep in 
tfaecoaq»artment44. Each cell 65 defines a reactant air plenum 67 above an 
air cathode 73. The plenum 67, about 1/8 inch high, is open to the barrier 
55 at one end of the cell, and includes a rib 68 extoiding along die center of 
3 5 the plenum from the barrier 55 tt> a position spaced fi:om the opposite end of 
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the plenum. Thus, the plenum 67 forais a U-shaped channel for passage of 
air over the air cathode 73. The rib 68 meets the barrier 55 between a pair 
of reactant air inlets 57 and a pair of reactant air exhaust openings 58, so 
that air blown by the fan 50 moves from the duct 51 through two of the 
5 inlets 57» passes the length of the plenum 67 on one side of the rib 68, 

passes in the opposite direction along the other side of the rib 68, and exits 
through two of the exhaust openings 58. Hie exhausted air may be vented 
to atmosphere through vents 40 formed in the housing 42. 

Each cell 65 also defines a recessed bottom panel 69 which provides 

10 a cooling channel for cooling air. The recessed bottom is open to the barrier 

55 at one end of the cell and includes a divider 71 extending along the 
center of the recess from the barrier to a position spaced from the opposite 
end of the plenuriL A U-shaped cooling channel is thus formed beneath the 
cell 65 between the recessed bottom 69 and either the floor of the housing 

15 42 or the top of another cell 65 on which the cell is stacked, as shown in 

Fig. 6. Heat transfer from the cell anodes to the cooling channels can be 
enhanced by using a metal anode case instead of plastic. The divider 71 
meets the barrier 55 between a pair of cooling air inlets 60 and a pair of 
cooling air exhaust openings 61, so that air blown by the fan 50 moves 

20 from die duct 51 tiirough inlets 60, passes the length of the recessed bottom 

69 on one side of the divider 71, passes in the opposite direction along the 
other side of the divider 71, and exits through the exhaust openings 61. 
The exhatisted air may be vented to atmosphere through the same vents 70 
in the housing 42 as the exhausted reactant air. 

25 A gasket (not shown) having openings matching those in the barrier 

55 may optionally be placed between the barrier 55 and die cells 65 to 
prevent leakage of air as it passes into or out of the celL 

The case of the metal^air battery cell 65 defines an electrolyte 
compartment 44 between the air cathode 73 and the bottom 69. An anode 

3 0 76 is located in the lower portion of the compartment 74. A cell that can be 

adapted for use witii the air manager system of the present invention is 
described in U.S. Patent No. 4,957,826, which is incorporated herein by 
reference in its entirety. 

A detailed view of the constructicm of die barrier 55 is shown in Hg. 
3 5 4. The barrier includes two spaced apart outor plates 80 and 81, both of 
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which include identical, aligned passageways 57. 58. 60 and 61 as 
described above, A baffle 82 is slidably positioned between the plates 80 
and 8 1. The baffle 82, shown in plan view in Fig. 7, includes a plurality of 
baffle openings 84 and 85 positioned so that all of the openings 57, 58, 60 
5 and 61 arc unobstructed when the baffle is in its open position, as shown in 

Fig. 4. When the baffle is moved to the left, as viewed in Fig. 4, all of the 
reactant air passageways 57 and 58 are blocked off so tiiat no fresh air can 
enter the reactant air plenum 67 from the duct 51 or back through the 
exhaust openings 58. However, the baffle openings 85 preferably leave the 
1 0 cooling air passageways 60 and 61 are open at all times, even when the fan 

20 is off. 

The baffle 82 is operated manually by means of a switch 86 located 
bdiind the baiiier 55 at one end thereof. The switch 86 includes an actuator 
head 87 slidably mounted in a slide mounting block 92, which may be 

1 5 formed as an integral part of the housing 42, as shown in Hg. 5. The 

actuator head 87 is attached to a neck 88 which slides along a slot 93 in the 
block 92. A switch arm 89 extends from the neck 88 out the side of the 
block 92. The actuator head 87 also defines an actuator finger 90, which 
extends through an opening 98 in the banier plate 80 into a socket 99 in the 
20 baffle, and a notch 95 in the side of the head 87 opposite tiie finger 90. The 

notch 95 is positioned to receive the lever of a power switch 96 which is in 
its "on** poation ^en the baffle 82 is in die position shown in Hg. 4. The 
power switch 96 is connected to the fan 50 and to die load, such as a 
coaq)utBr, by conventional circuitry (not shown). When the arm 89 is 

2 5 grasped and pulled out into the position shown in Fig. 4, die finger 90 

moves the baf&e 82 such tiiat the air inlets and exhaust opraings are opened 
at the same time as the power switch 96 is turned on, allowing die fan 50 
and the load to draw power from die cells 65. Initial operation of die fan 
may be started using residual power of the cells 65, as described in U.S. 

3 0 Patent No. 4,913,983. which is incorporated herein be reference in its 

entirety. Alternately, the fan xnay be started using an inexpensive auxJiLiry 
cell (not shown) mounted in the housing 42. When the arm 89 is pushed 
toward the rno^mring block 92, the cells are cut off from die fan and load by 
die switch 96, and th reactant air plenum 67 is isolated to prevent 
3 5 unnecessary discharge of the cells 65. 
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The reactant air inlets 57 are sized to pennit a desired flow of air 
through each reactant air plenum 67. and the desired flow will vary 
depending on the size, voltage and chemistry of the particular cells being 
used. The flow may be controlled to provide an air flow as described in 
U.S. Patent No. 4.221,644, which is incorporated herein by reference in its 
entirety. 

Operation of the air manager system of Figs. 3 through 7 will be 
apparent firom the foregoing description. A battery of eight fresh cells 65 
may be placed into the compartment 44 with the open ends of the cells 65 
pressed against the barrier 55. The lower housing 42 may then be attached 
to the electronic device to be powered by the battery, and electrical 
connections (not shown) made to the switch 96. When the switch arm 89 is 
pulled outwardly, the baffle 82 slides to open air inlets 57 to the reactant air 
plenums 67 of the cells 65 and the fan is turned on. Air is moved firom the 
duct 51 through the barrier 55 to provide oxygen to the air cathodes 73, and 
power is generated by the metal-air cells 65 in a well-known manner. To 
terminate discharge of the cells, the switch arm 89 is pushed inwardly until 
the baffle closes off the reactant air passageways and the power switch 96 is 
turned off. 

Thus, it will be understood that the air manager system 40 separates 
the reactant air from the cooling air, thereby making it possible to provide 
higher cooling air flow while limiting the reactant air flow to a level at which 
die cells will noc dry ouL 

Figs. 8 and 9 show an alternative manner in which to define a 
reactant air chamber and separate cooling channels in a single molded 
cathode air duct 114. The integral molding 114 defines in its top portion a 
plurality of alternating raised spacers 115 and cooling air channels 116 
therebetween. The duct 114 may be positioned to f<mn a hood over the air 
cathode of a cell body 13 as shown in Hgs. 1 and 2. The reactant air flow 
enters and exits through openings 129 along the ends of the duct 1 14. The 
raised spacers 115 function in die same way as die separate spacers shown 
in Figs. 1 and 2, to direct air which cools die anode area of acell resting on 
die spacers US. For convenience, a duct 114 may also be placed on the 
floor f die battery housing to define the lowermost cooling charmels, as 
shown in Fig. 9. 
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When excess heat builds up in the cathode air chamber under the 
duct 1 14, such heat can be removed via heat exchange to the cooling air 
channels 116. This can be facilitated by forming the duct 114 from a thin 
heat-conductive plastic or metaL Control over the oxygen passing over the 
5 air cathode is still maintained because there is no mixing of the cathode air 

flow with the cooling air flow. 

Hgs. 10 and 1 1 show another embodiment of a metal-air cell casing 
120 including a heat-exchanging air channel frame assembly 122. Fig. 10 
shows an exploded view of the components of the assembled cell 120 

1 0 shown in Fig. 11. The frame assembly 122 includes four rails attached to 

form a rectangular frame, two parallel cooling channel rails 124, and two 
parallel leactant air channel rails 12S. Each of the rails 124 and 125 defines 
an inwardly extending ledge 127. A thin heat-exchanging barrier sheet 130 
rests on the ledges 127 at a position about midway between the top and 

15 bottomsurfeicesof the rails 124 and 125. 

A pair of load-bearing spacers 131 extend along the top surface of 
the sheet 130. Opposite ends of the spacers 131 engage the cooling air 
channel rails 124. Similarly, another pair of spacers 132 extend along the 
bottom surface of the sheet 130 perpendicular to the spacers 131, and 

20 engage the xeactant air channel rails 125. 

Each of the cooling channel rails 124 defines a plurality of upward 
projecticms 135 separated by cooling air cut-outs 136. The next hi^er cell 
in a stack will rest on the projections 135 and the spacers 131. The 
<q)enings 136 are located between the spacers 131 and extend no farther 

2 5 than the battier 130 so that cooling air may be directed in through die 

openings 136 in one rail 124, across the barrier sheet 130 between the 
barrier sheet and the cell immediately above, and out through the opening 
136 in the opposite rail 124. 

Similarly« each of the reactant air channel rails 125 defines a 

3 0 plurality of downward projections 138 separated by cooling air cut-outs 

139. The openings 139 are located between the spacers 132 and extend no 
fardxer dian the barrier 1 30 so tiiat cooling air may be directed in throu gh the 
openings 139 in one rail 125, below the barrier sheet 130 between the 
barrio sheet and the air cathode immediately below, and ut tiirough the 
3 5 opening 139 in the opposite rail 125. The barrier permits efficient heat 
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exchange between the reactant air passing below the bairier through the 
reactant air openings 139» and the cooling air passing above the barrier 
through the cooling air channel openings 136. 

As shown in Fig. 11, a cell body 13 is equipped with a pair of L- 
5 shaped screen members 140 extending upwardly from opposite sides of the 

cell body and inwardly for a short distance above the air cathode. The 
screen members 140 thus form a channel for slidably receiving the 
assembled air channel frame 122, with the projections 138 and the spacers 
132 adjacent to the air cathode of the cell. The screen openings allow 

1 0 sufficient reactant air to pass through the openings 139, and if desired, may 

be sized to restrict and control the amount of reactant air flow. The screen 
members may be made of a woven screening material or any appropriate 
perforated sheet material 

It should be understood chat cells of the type shown in Figs. 10 and 
15 11 can be used with fans and air doors as shown in Hg. 1, or with 

recirculadon systems to be described in connection with Hgs. 12 and 13. 

FigS; 12 and 13 show anodier eoibodiment of the present invention 
in which an air manager system ISO provides uniformity of air flow over 
the cathode by recirculating air over the cathode. As noted above, 

2 0 uniformity of air flow can become a problem at reladvdy high current levels 

per area <tf cathode. Toproviderecirculationforastackof cells of the type 
shown in Figs. 1 and 2, an inlet plenum 152 is positioned to direct air to all 
of die cathode chambers 14 in the stack. On the other side of the stack, an 
outlet plenum 153 collects the air that has passed dirough all die chambers 
25 14. A connecting duct 155 collects air from the outlet duct 153 and returns 

it to the inlet duct 152 by means of a recirculadon fan 156 located in the duct 
155. 

The amount of reactant air may be regulated in response to power 
demand and to acconunodate different needs during discharging and 
30 recharging. The amount of oxygen available to the cadiodes can be varied 

by varying the recirculating rate of the fan 156, which may recirculate the 
reactant air at many times the flow rate required by die average oxygen 
demand of the battery. Furthermore, new air can be admitted to the 
recirculation system in a controlled manner through a one-way air inlet valve 

3 5 158 in the duct ISS between die oud^ plenum 153 and die fan 156. The 
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valve can be operated in response to pressure differentials in the duct 155. 
An excess air relief valve 159 is located in the duct 155 downstream of the 
fan. The valve 159 also can be pressure-responsive, and can be designed to 
release air in quantities sufficient to balance the new air received through the 
5 valve 158. It should be understood that the functions of the valves 158 and 

159 can also be pcrfonned by air doors of the type described in connection 
with previous embodiments. Fans 160 provide anode region cooling 
through cooUng channels 16 in the manner described above. 

In practice, the recirculated reactant air will rapidly rise in 
1 0 temperature at the power levels at which it is needed. Heat exchange 

between the cooling channels and adjacent cathode air chambers can be 
provided to cool the reactant air, as previously described. However, a 
temperature gradient will exist between the ends of the cooling channels. 
For example, for one foot by two foot surface area cells at 50 amps and 

1 5 1000 feet per minute air flow through 0.1 inch anode cooling air gaps, a 

tenq)erature rise of 10^. is typical This gradient will be transposed on the 
recirculating reactant air flow in the adjacent cathode air chambers, so care 
must be taken to ixiix die cadiode air on each pass. 

Fig. 13 shows a cross mixing system 162 in which the recirculation 
20 flow is cross coupled between two stacks of cells 164 and 165. The 

transverse cooling channels (not shown) of the two stacks are 
interconnected so that cooling air from cooling fans 166 passes through 
both stacks. An inlet plenum 167 and an outlet plenum 168 direct the 
reactant air to and collect the reactant air from the fitet stack 164, in a 

2 5 manner described above in connection with Hg. 12. Similariy, an inlet 

plenum 169 and an outlet plenum 170 dirca the reactant air to and collect the 
reactant air firom the first stack 165. However, a cross mixing duct 172 
transfers the air from the outlet duct 168 to die inlet duct 169of the second 
stack 165. A connecting duct 174 containing a reactant air fan 175 directs 
30 air from the outlet duct 170 to the inlet duct 167 of the first stack 164. 

Thus, reactant air from the first stack 164 that has undergone heat 
exchange with the cooling air at die 'liot'* end 177 of the cooling channel 
passed into the reactant air chambers of the second stack 165 for heat 
exchange with cooler air nearer to the cooling air fans 166. This cross 
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mixing has the effect of evening out the temperature of the reactant air 
throughout the cells in both stacks. 

Air quantity control can be effected in the same manner as described 
in connection with Fig. 12. A fresh air inlet valve 178 is provided in the 
5 duct 174 upstream of the fan 175, and an excess air relief valve 179 is 

located downstream of the fan 175. Furthermore, a hot section 180 of the 
oudet plenum 168 can be used to provide humidification to the system to 
make up for the ongoing water loss via die cathode air exhaust This can be 
done via ev^)oratioa from a moisturized absorber, such as cotton, sponge, 
10 or the like, sealed in the plenum 168 of a maintenance firec battery. In large 

batteries, a water source 182 can be rigged to feed a constant supply of 
water to an absorber, spray system, or other conventional humidification 
system located in the humidificaticHi zone 180. 

Many air cathode/electrolyte/anode systems have been developed for 
1 5 metal-air cells. The air management concepts disclosed herein may be 

applied beneficially to virtually any cell that can be housed in a manner 
similar to diat described above. 

It should be understood that the foregoing relates only to a preferred 
embodiment of the present invention, and that num^us changes may be 
20 made therein without dq)arting from the spirt and scope of the invention as 

defined by the following claims. 
What is claimed is: 
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1 . An air manager system far a metal-air battery cell having an air 
cathode, comprising: 

5 means for directing a first flow of air adjacent to the air cathode 

to provide reactant air, and 

means for directing a second flow of air adjacent to a portion of 
the cell isolated firom the air cathode to provide cooling of the celL 

10 2. The apparatus of Qaim 1, further comprising means for 

selectively enclosing said air cathode to terminate discharge of said cell 
without interrupting said second air flow for cooling. 

3. TheapparatusofClaiml, wherein said portion of the battery 
IS cell isolated from the air cathode is a porticm of the cell adjacent to an anode 

of said cell 

4. Theapparatusof Claims, wherein said first flow of air crosses 
said cell in a first direction, and whodn said second flow crosses said cell 

2 0 in a direction generally transvearse to said first directicm. 



5. The ^>paratus (tf Claim 3, wherein said anode is separated from 
said cooling second air flow by a highly heat conductive material 
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6 , An air manager system for a metal-air banery pack including a 
pair of metal-air cells each including an air cathode positioned along one 
side of the cell and an anode positioned adjacent to the opposite side of the 
cell, comprising: 

5 means for defining a reactive air plenimi adjacent to each of said 

air cathodes; 

means for directing a leactant air flow through said reactive air 

plenums; 

means for defining a cooling air passageway adjacent to each of 

1 0 said anodes; 

means for directing a cooling air flow through said cooling air 
passageways; 

means for positioning said cells with the cathode side of one 
cell facing the anode side of the other cell; and 
15 a heat-exchanging material separating said reactive air plenum 

from said cooling air passageway. 

7. An air frame for a metal-air battery pack including a pair of 
metal-air cells eadi including an air cathode positioned along one side of the 

2 0 cell and an anode positioned adjacent to the opposite side of the cell* 

conqirising: * 

a housing positioned between said cells with the cathode side of 
one cell adjacent to a first side of said housing and the anode side of the 
other cell adjacent to a second side of said housing; and 
25 a heat-exchanging partition dividing said, housing into two 

chambers, a reactant air chaniber in comniunication with die cathode of said 
one cell, and a cooling air chamber in communication with the anode side of 
said other cell; 

said chambers each defining entry and exit openings for airflow 

3 0 therethrough. 
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8 . The apparatus of Claim 7, wherein said housing includes a fint 
pair of frame members supporting opposite edges of said partition and 
defining a plurality of entry and exit openings on one side of said partition, 
and a second pair of frame members supporting opposite edges of said 
partition not supported by said first pair of frame members, and defining a 
plurality of entry and exit openings on the other side of said partition. 

9, The apparatus of ^^^^ 8, furtiier ccxnprising a plurality of load 
bearing spacers positioned on both sides.of said partition. 



10. An air manager system for a metal*air battery pack including a 
pair of metal-air cells each including an air cathode positioned along one 
side of the cell and an anode portioned adjacent to die opposite side of the 
cell, comprising: 
15 nieaiis for defining a cooling air p 

said anodes; 

means for directing a cooling air flow through said cooling air 
passageways; 

means fa: defining a reactive air plenum adjacent to each of said 

20 aircajdiodes; 

tneans for tecixculating a reactant air flow thiouf^ said reactive 

air plenums independent of said coding air flow. 

11* The apparatus of Claim 10, wherein said battery pack 
2 5 inclodestwogroupsof said cells, arid \^erein said nieans for recirculating 

said reactaiit air flow cooq^ises ixieaxis for repeatedly in sequence directing 
said reactant air flow tbroogh the reactive air plenums of said first group of 
cells, and then through the reactive air plenums of said second group of 
cells. 



35 



12. The apparatus of Claim 10, further comprising heat 
exchange means for coding said recirculating reactant air flow. 

13. The apparatus of Claim 12, further comprising means for 
adinittiiig finsh air into said redxculating reactant air flow. 
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14. The apparatus of Claim 13, further comprising means for 
humidifying said recirculating reactant air flow. 

15. An air manager system for a metal-air cell having an air 
cathode, cooiprising: 

a housing in which the cell is positioned; 

means for directing a reactant air flow through a reactant air 

inlet to an air cathode chamber, 

means for exhausting die reactant air flow &xnn the cell; 

means foe dixecting a cooling air flow through a cooling air 
inlet adjacent to a portion of the cell isolated from the air cathode; and 

means for exhausting the cooling air flow from the housing; 

the reactant air inlet being sq)arate from the cooling air inlet 
and being isolated from die exhausted cooling air flow. 

16. ThesystemofOaim 15, wherein die means for directing die 
reactant and cooling air flows conq)rise a barrier defining the reactant air 
inlet and die cooling air inlet 

17. The system of Claiffl 16, wherein the barrier further 
conqnises means for selectivdy closing and opening the xeactant air inlet 

18. The system of Claim 16, wherein die means for exhausting 
die reactant air flow includes at least one reactant air exhaust openin g in the 
barrio tfazou^ ^ch die reactant air flow passes in leaving the cell, and 
wherein die means for exhausting die cooling air flow includes at least one 
cooling air exhaust opening through which the cooling air flow passes in 
leaving the cell, die exhaust openings being separate from each odier and 
from die inlet openings. 

19. The system of Qaim 18, wherein the barrier further 
comprises means for selectively closing and opening the reactant air inlet 
and exhaust openings. 
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20. Hie system of Claim 19, wherein the means for selectively 
closing and opening comprises a baffle slidably positioned adjacent to the 
barrier, tht baffle being movable between a first position in which baffle 
openings defined m die bafEle communicate widi die reactant air inlet and die 

5 reactant air exhaust opening, and a second position in which the baffle 

blocks the reactant air inlet and the reactant air exhaust opening. 

21 . The system of Claim 20, wherein the baffle further defines 
baffle cooling openings which communicate widi die cooling air inlet and 

1 0 cooling air exhaust opening in bodi positions of die baffle. 

22. The system of Claim 21, wherein die means for directing die 
reactant air and cooling air flows includes a fan and a duct connecting die 
fan widi the reactant air and cooUng air inlets of the barrier. 

15 

23. An air manager system for a metal-air cell having an air 
cadiode» comprising: 

a housing divided into a battery section and a fan section by 
a barrier, die cdl being located in die battery section of the housing adj accnt 

20 todiebanien 

: at least erne reactant air inlet defined in die banier and 

positioned to communicate with a reactant air plenum adjacent to die air 
cathode; 

at least one reactant air exhaust opening defined in the barrier 
25 and positiooed to annniunicate with die reactant air plenuno; 

at least one cooling air inlet defined in the barrier and 
positioned to conmunicate widi a cooling air channel adjacent to a portion 
of die cell isolated from die air cadiode; 

at least (Mie cooling air exhaust opening defined ia the barrier 

30 and positioned to oomnuinicate widi die cooling air channel; 

die reactant air inlet and exhaust opening and die cooling air 
inlet and exhaust opening each bring a separate passageway tiirough die 



a duct positioned in die fan section of die housing and 
35 joining the banier at on end of die duct so as to surround die reactant air 
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and cooling air inlets and to isolate such inlets from the neactant air and 
cooling air exhaust openings; and 

a fan positioned to direct air from outside the housing along 
the duct toward the barrier, through the inlets and out of the respective 
exhaust openings. 

24. The air manager system of Claim 23, further comprising 
means for selectively opening and closing die reactant air inlet and reactant 
air exhaust opening. 



10 
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